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OTH Radar for Multi-Purpose Applications '\\-\i I |_IR

v" Maps of Ocean Currents & Waves

v' Drift Prediction for
Search-and-Rescue Applications and Pollution Tracking

v" Tsunami Detection

Dver-the-Horizon Ship Tracking
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Motivation to use the OTH Radar "\\-\; I "IR
for Ship Tracking

Protection of the Exclusive Economic Zone

0 prevent illegal fishing

ious activities, e.g. smuggling

he parallel operation of all
applications
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Chronology of Ship Detection and

Tracking based on WERA Systems

2. OTHR System Concept

Features, Accuracy and Limitations

Research Topics for WERA Users
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WERA-SDT History TR

The System based on a concept developed at the University of

Hamburg in 1995 by Klaus-Werner Gurgel

Date Development step Published
1995 | First experiments with new low noise radar concept Yes
1999 | First industrialized WERA systems Yes

First ship detection experiments with WERA by

2004 University of Hamburg

Yes

Raytheon uses WERA at Germany Bight for ship

tracking tests Classified

2006

Start of Ship detection and tracking software
2007 | development at HELZEL in co-operation with EADS and Yes
University of Hamburg and TU Hamburg-Harburg
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WERA-SDT History ATHR

WERA was used already in the early 2000’s for
ship tracking experiments, resulting in a large number

of validation studies from various groups

Development step Published

French researchers are using WERA for ship detection

2008 : Yes
evaluations

2009 NATO Research center (NURC) starts evaluation with Ves
WERA and develops multi sensor tracker

2010 WERA / OTHR is registered as Dual-use instrument at Ves

German Export Control Authority (BAFA)

2011 First OEM contract with another radar manufacturer to No
use the OTHR radar core for their product.

No

First export of OTHR system
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WERA-SDT History TR

WERA is the OTHR system with dual-use classification

with the highest number of deployments world-wide

Development step Published

NATO Research (CMRE) started WERA ship tracking

evaluation in German Bight (on-going) Yes

2011

Ship detection and tracking experiments with
5.3 MHzWERA in the polar region by the Norwegian Classified
Navy (FFI)

201 3-
2014

Three OTHR systems operational Classified
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Processing Structure

OTH HF Radar System

Simultaneous
Signal Processing multi-purpose
spectrum analysis

T

‘ I Information update
about 2 times/minute

> Ship detection and tracking 0 Sea surface currents
U Wave heights and spectra

0 Wind direction
|.|E|_ZE|? 0 Tsunami monitoring

llllll



Ship Tracking Experiment 2006 DTHR

r Transmit antenna system

\‘/ ﬂ ngp'uplto 250 km .
/¥ Operating frequency 8 MHz

v..Bandwidth 100 kHz /. Range cell 1.5 km
v Linear FMICW waveform

S o e
|'|ELZEL ¥ Linear array of 262-m length
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HF Radar S ectrum
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Ship Tracking Experiment STTHR
at Helgoland Island, Germany (2009)

12-MHz HF Radar System \
Data Fusion into Coastal Surveillance System by

R ATLAS ELEKTRONIK




HF Radar System at Helgoland Island
Data Fusion into Coastal Surveillance System
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Multi-radar fusion*
carried out by _ T
NATO (NURC) ¥ : T | o) ~$9
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Systems are
operated by
Helmholtz
Institute

Geesthacht
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Fused Ship Tracks from

WERA Detections and AIS Positions

Latitude: 53.789 Longitude: 7.694

MSA View
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Specific HELZEL OTHR Features S)

Linear frequency-modulated continuous waveform
** Multi-Frequency Systems

* Frequency hopping

s MIMO Techniques

Multi-Static Techniques
ECM detection and location
Multi-Sensor Tracker

* Suspicious Target Identification
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equency Dependency ST H=RR

Typical Range for Ship Detection versus Frequency
valid @ sea state below 4 and for large vessels
with 16 antenna systems at 1000* Wattsgp

250

*in monostatic configurations more power would not boost the range.
For more range bi-static configurations are available.

200

\ The blue line marks the range
150 at best case conditions, o

typically at day time

Range for large vessels in Nautical Miles [NM]

The orange line marks the range at
20 - very noisy conditions,
typical at night time
0 T I T I I

7
Radar Frequency in MHz
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Limitation to Detect Small Targets MTHR

Generally a vertical metallic structure is required to
detect a target with a vertical polarized HF radar.
The height of the vertical structure should be > V4 of
the radar wavelength to get a good radar echo.

e sensitivity to detect smaller targets improves
increasing operating frequency.

nout any vertical metallic structure
d, e.g.rubber or wooden boats.
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Effects of Radar Bandwidth "\\-\; | HR

The radar bandwidth defines the range resolution.
More bandwidth results in smaller radar cells.

— Narrow bandwidth results in coarse resolution

(nearby targets are hard to be resolved as separate

andwidth increases background noise,
duced sensitivity and range.

idth or more for ship tracking

HELZEL®

lllllllllll



adar Bandwidth "\‘W-HR

Range Doppler Spectrum
at 50 kHz bandwidth

Resolution = 0.0075711 Hz Direction 00 deg 12.274 MHz

esolution = 0.007511 Hz Direction 00 deg 12.211 MHz




M 1100111 1]1 |

a2l tB b =4, =2, 0, 2. & 6. B 10,13 14,
Ship Speed (m/s)

G
{1 -
oy e [E—

A 1Ze10.-B. <6, 4. -2, 0. 2. 4. & B 10.12. 14,
Ship Speed (m/s)

. Ship tracks

5 at 150 kHz bandW|dth

Effects of Radar Bandwidth "\\-\; | HR

~14r12010.-8. =6, =4.=2. 0. 2. 4. 6. & 10,12 14

Ship Speed (m/s)}

-5 -

D]
iz o
|I_
_ ) .
T e bk

WERA Ship Tracking
29-Aug—2017 09:43:49 UTC Wangerooge

‘ @&Z013 HELZEL Messtechnik GmbH, CMRE NATO

: . —_ | e ® .
e e~ -
-

WERA Ship Tracking \
29-Aug—-2017 11:31:37 UTC Wangerooge ‘

7

F i i ¥
&' L0° 45" ar © oz . & f . . —_—

| @2013 HELZEL Messtechnik GmbH, CMRE NATO

WERA Ship Tracking
29-Aug-2017 13:07:45 UTC Wangerocge

A 1]

5 10 nm

km

Cuxhaven

I ELZEL [ @075 Heleel Wesateonik GmbR ‘L/\

Me s st e« 0 40 0




Effects of Array Length MTTHR

The receive antenna array length defines the beam-
width. A sharper beam results in smaller radar cells.

Short arrays results in coarse azimuthal resolution
earby targets are hard to be resolved as
te objects)

increases background noise, resulting
itivity and range.

tennas for ship tracking
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Transmit Antenna & Power "\\-\; | ,'|R

Very effective transmit antenna system is most
important to get best range performance.

or a monostatic FMcw radar a transmit power of
t 1000 Wattggp is the optimum to get longest
g.200 NM @ 4 MHz.

oda long monopoles for Tx

as as close as possible to the
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lllllllllll



Example of 6.8 MHz Transmit Antennas Q)
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Ship Tracking Related MTTHR
Research Topics for WERA Users

As most of the OTHR data interfaces are compatible
with WERA, ship tracking experiments can be carried

out with existing WERA systems:

1ge dependency to sea state and weather
ons for various ship sizes.

10ds to use the oceanographic data to
letection performance.
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Ship Tracking Related MTTHR
Research Topics for WERA Users

 Use WERA for Iceberg detection and provide a drift
prediction based on measured ocean currents.

Effects of radar bandwidth on the range and the
atial resolution (separation of near by targets).

f beam width on range and spatial
dependency of steering angle and
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Ship Tracking Related MTTHR
Research Topics for WERA Users

The HELZEL team would support your group by
providing:

Some up-grade (if required) of an existing WERA

1g on-site ship detection and tracking
a separate server, or supporting your
e processing.

ith interface for WERA
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Ship Tracking Related MTTHR
Research Topics for WERA Users

Please note that any kind of ship detection and
tracking experiment with WERA will never result in the
performance of the HELZEL OTHR system. WERA

experiments are feasibility studies only.

ase note that all support regarding ship detection
<ing projects, except external off-line
aquires an export permission of the
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Conclusions

** The new HELZEL OTHR System offers ship
tracking with a performance close to those of

military grade systems with the advantage of
real dual use options.

** These dual use options makes it attractive for HF

radar users to apply for research funds because
these aspects were barely investigated by
military researches, so far.
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